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Abstract 



This paper proposes a theory of relation comprehension. First, semantic 
relations (e.g., antonymy, cla^s Incluson, part-whole Inclusion, synonymity) 
are uniquely defined by simple relations (e.g, opposition, overlap, symmetry). 
Second, relation processing Is based on the definitions of semantic relations 
Involved In a task. T ~. relation comprehension *:an be accounted for by the 
simple relations Invc u by relation definition. 



Relation Definition Theory 

Relations between words (e.g., antonymy, class Inclusion, part-whole 
Inclusion, synonymity), are commonly regarded as Important language phenomena 
- In anthropology, artificial Intelligence, lexicography, linguistics, 
philosophy, and psychology (Blerwlsch, 1970, Boltnger & Sears, 1981; Evens, 
Lltsowitz, Markowltz, 4 Werner, 1983; Katz, 1972; Kempson, 1977; Lyons, 1968, 
1977; Palmer, 1976). Performance on relation tasks Is taken to reflect verbal 
ability, dimensions of Intelligence (Sternberg, 1977; Whltely, 1976), and 
mental processes as they pertain to language (Clark & Clark, I97C; Rosch, 
1978; Smith & Medln, 1981) and to thought (Oeese, 1965, 1970). Thus It would 
be helpful to several research areas In ps* % Sology to develop an adequate 
psychological account of how relations are processed In language tasks. 

Semantic relations differ In logical properties (Bar-Hi I lei, 1967; 
Hampton, 1973; Johnson-Laird, 1975; Katz, 1972). These properties exist 
because of the particular definition of a relation. The essence of the theory 
proposed here. Relation Definition Theory Is that language users are aware to 
varying degrees of relation definitions, and that people perform relation 
tasks primarily by application of the ralatlon definition (or definitions) to 
the demands for processing Imposed by a task. 

The definitions of semantic relations are built out of one or more 
simpler relations or relational elements. For exarrple, the relation of 
similarity Involves Just one relation element: that sone aspect of the meaning 
of one word be shared by another. An example of a reiatlon that Involves more 
than one element Is that of contrary antonymy. The first element /©quired by 
this semantic reiatlon Is the sharing of dimensional meaning; e.g., the 
dimension of temperature states Is shared by hoi and cold . The second element 
Is opposition on the dimension; e.g., hot and cold a^e clearly opposed where 
hoi and warm r also both temperature states, are net. The third element Is that 



opposition be symmetric, e.g., bat and fiQ|4 are opposed symmetrically whereas 
hoi and cool are not. Thus, contrary antonymy Is defined as two words 1) 
sharing a common dimension, 2) with opposed meanings on this dimension such 
that 3) opposition Is symmetrical* 

A recent study (Staslo, Herrmann, & Chaff In, In press) Illustrates the 
predictive power of relation definitions. This study modelled Judgments of 
similarity between relations as reported In a previous study (Chaff In & 
Herrmann, 1984). The Judgments of relation similarity were made by subjects In 
a sorting task. Each subject sorted cards where each card represented a 
different relation as Illustrated by five pairs. The names of these 31 
relations, and two pairs representing each relation are presented In the first 
two columns of Table 1. The sorting frequencies Indicated 



Insert Table 1 about here 



three aspects of subjects 1 perceptions of relation similarity. First, subjects 
perceived relations as similar when they originated from +he some f ami I y 
grouping, e.g., contrasts, similar, class Inclusion, case relations, and part* 
whole inclusion. The relations that we/e sorted Into a family by Chaffln and 
Herrmann's subjects are shown In Table 1. Second, families were perceived to 
vary in relation similarity to each other (e.g., similars and class inclusion 
relations ware occasionally sorted together; case relations and part-whole 
inclusion relations were occasionally sorted together; contrasts were almost 
never sorted with the other four families). Third, subjects 1 perceptions of 
relations similarity varied within a family, e.§., opposltes like hQl-CQlA 
were sorted more frequently together with opposftos Mke ai- va-deM than 
either were with opposltes like f ranH - hypoer f t (rel ■ 



The three ways that relation similarity varied In Chaffln and Herrrmann's 
(1984) study may be explained as being due to agreement In the elements that 
define relations. For example, subjects frquently sorted pairs I Ike Aliua-dflfiil 
with hat-cold because both pairs* represent the antonym elements of (1) a 
common dlmensiQQ on which word meanings are represented (2) bl lateral ly and 
(3) symmetrica My about the dimensions midpoint; however, neither pair was 
sorted with synonyms (can-auto) since synonymity Is not defined by a common 
dimension with symmetric opposition. However, Chaffln and Herrmann's 
explanation was only speculative; consequently, It seemed appropriate to test 
whether agreement In relation elements might actually account for the relation 
siml larlty data. 

In order to provide an explicit test of the element agreement hypothesis 
of relation similarity, It Isnecessary to develop a precise linguistic 
account of the relational elements required by the 31 relations In t.\e Chaffln 
and Herrmann (1984) study. Table 2 presents such a list of relational 
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elements and Table 1 presents in Its third column the way In which these 
elements enter Into each of the 31 relations (Tables 1 and 2 are drawn from a 
manuscript by StasJo, Herrmann, 4 Chaffln, In press). The present accounts of 
relation definitions and their elements were derived from detailed analyses 
given In standard linguistic sources (Lyons, 1968, 1977; Leech, 1974; Evens, 
Litowltz, Markowltz, Smith, & Werner, 1983) and In other sources cited In 
Chaffln & Herrmann (1984). We wish to point out that linguistic analysis of 
some of these relations is new; thus, some of these ceflnltlons represent only 
a first approximation to the definitions that will eventually be settled on. 
The definitions In Table 1 may be Interpreted with the aid of Table 2 In the 
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following manner. For example, the definition of contrary antonymy Includes 
the elements of d lmenslona| meaning ,, continuous dimension , and s ymmetrelc 
bilateral position on a dimension (Herrmann, Chaff In, Contl, Peters, & 
Robblns, 1979). 

Comparison of the definitions In Table 1 suggests that relation element 
agreement accounts for the salient results of Chaff In and Herrmann's study. 
First, It may be seen that the relational elements defining relations differ 
markedly between families, consistent with the finding that sorting was most 
frequent within families. Second, the overlap In relational elements across 
families Is partially consistent with the sorting data. For example, the 
similars and class Inclusion families share approximately two elements and 
were occasionally sorted together. Alternatively, the part whole relations and 
syntactic relations were occasionally sorted together but share no relational 
elements. Thlro, the agreement In elements between relations within a family 
appears to be conslstant with the sorting data, e.g. the definitions of 
necessary and Invited attribution agree more with each other than either of 
these relations agree with synonymity. 

Table 1, besides allowing a qualitative evluatlon of the relation eloment 
explanation of relation similarity, permits quantitative tests of *hls 
explanation. Two equations were formed to yield relation similarity estimates 
from relation element agreement. (Many other equations are clearly possible; 
It Is beyond the scope of this article to provide a comprehensive analysis of 
possible math models of relation similarity). Cne equation represents 
similarity as h Irilrert tonal (! #e . Relation 1 is a similar to Relation 2 as 
vice versa). The other equation represents sirfiarify as the mean of 
unidirectional similarities (where the similarity of Relation t to Relation 2 
may differ from that of Relation 2 to Relatic* I: cf. Chaff In & Herrmann, 
1981). If relation similarity Is based on the nwifcer 0 f sharnd relational 
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elements, then there should be a significant correlation between the sorting 
data reported by Chaff In & Herrmann ,1984) and each of the relation Similarity 
est I mates. 

Method 

Relation Similarity Sorting FreouenclAy The sorting data collected by 
Chaff In and Herrmann (1984) were represented In a matrix (31 relations by 31 
relations) In which each cell of the matrix contained the number of subjects 
who sorted Into the same pile the two relations defining a cell. Since sorting 
data do not separate directional differences In similarity (I.e. Relation 1 to 
Relation 2 versus Relation 2 to Relation 1), these data fill only half of the 
matrix (which Included 465 cells). The Chaff In and Herrmann report does not 
present this matrix directly but Instead the Hierarchical Clustering Solution 
(HICLUS) that was derived from the matrix. 

Estimates of Relation Simila rity from Relation Definitions . Two kinds of 
estimated similarity co-ef f Ic l?nts were derived from alternative mathematical 
expressions of agreement In definitional elements. The bidirectional 
similarity of two relations (Rj and R^i was computed from the number of 
elements (A) that were In agreement between the given relations over the mean 
number of elements that defined both relations. I.e. similarity « A/ ((Rj + 
R 2 >/2). The unidirectional similarity of two relations was the mean of the 
overall number of elements that were !n agreement between the relations over 
each relation^ elements. I.e. similarity ■ (A/R^ ♦ A/R 2 )/2. Each kind of 
similarity estimate was computed for each cell In the matrix that was 
Identical to the empirically based sorting matrix. It should be noted that 
neither equation took account of the hierarchical structure of elements 
defining relations (e.g. that two words mu*t share a dimension before they can 
be opposed) In order to simplify the analysis, 
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Result* 

The correlation of the sorting data with the bidirectional similarity 
estimate was .685, df - 463, p <.001. The correlation for the unidirectional 
similarity estimate was .707, df - 463, p < .001. Since the two kinds of 
similarity estimates were essentially the same, all further statistics 
reported here will be for the unidirectional similarity estimate. 

Additional analyses were carried out to determine how well relation 
element agreement correlates with the three specific aspects of the clustering 
analysis reported by Chaff In and Herrmann (1984): that relations were 
perceived to be most similar within i family, that families varied In 
similarity to one another, and that relations within a family varied In 
similarity to each other. To assess how much of the variance was accounted for 
by the defining elements of a family, a family similarity matrix was computed. 
Similarity estimates were assigned a value of 1 when a pair of relations came 
from the same family as def Inod by relation definitions (family elements are 
underlined In Table 1). Estimates were assigned a value of 0 when the pair 
came from different families. Pie family-based correlation was, as expected 
from the HICLUS solution In Chaff In and Herrmann d984), substantial: r = 
.691, df = 463, p < .001. A partial correlation of relation similarity and 
relation element agreement with family element agreement held constant was 
.355, df = 461, p < .001, showing that some of the varfance In the sorting 
data cannot be accounted for by agreement of family elements within a family. 

To assess how well relatlcv, element agreement ececunfj, for the similar l+y 
of families to each other, the sorting frequencies were correlated with 
element agreement for relations from different families, r ■ .399, <jf « 378, p 
< .001. Inspection of Table 1 Indicates that this correlation Is due to 
Interfamlly agreement for similars and class Inclusion, as well as to 
agreement on general Inclusion between part-whole Inclusion and class 
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Inclusion. 

In order to assess how well relation element agreement accounts for 
relation similarity within families, the sorting data and similarity estimates 
were correlated for each of the five families separately. These correlations 
by family were: contrasts, r « .751, df « 28, p < .001; similars, r « ,517, df 
* 10, p < .07; class Inclusion, r * .535, df ■ 15, p < .05; case relations, r 
= .445, df - 10, p < .10; and part-whole relations, r « .329, df * 21, p < 
.08. Although three of these correlations were not significant ( p < .05), the 
gene al pattern of results Indicates that sorting within families may be 
accounted for by relation element agreement. It seems likely that a more 
powerful sorting study (e.g. such as one which used more subjects) would 
obtain significant correlations for all of the families. 

It might be argued that the present analyses are not vai Id because the 
relation elements used here are not genuine components of relation 
definitions. For example, the elements, may have betn developed ad hoc to 
explain the Chaff In and Herrmann (1984) study. However, careful examination of 
the semantic-relations literature will show that the definitions In Table 1 
coincide closely with current linguistic cccounts cf relation definitions 
(Apresyan, Mel 'Cuk, & Zolkovsky, 1981; Leecb, 1974; Lyons, 1968, 1977; see 
also Evens et al., 1983); relation element agreerent does predict relation 
siml lar Ity data. 

Even If the present correlations are valid, ft iray be argued thot other 
models exist that generate better accounts of relation similarity data. 
Network theories. It might be supposed, could do so. However, these theories 
are totally Incapable of accounting for relation siHIerfty because the links 
representing relations In networks are assumed tc b* unanelyzable and unique 
(Johnson-Laird et al., 1984). But a variant of net**rfc rodels could be assumed 
that can generate relation similarity estimates. Th ? s variant assumes that 
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relation links represent Just the family relation between words. Thus, related 
words In each family (e.g. antonymy, part-whole Inclusion) would be linked by 
associations representing the appropriate faintly. If a maximal similarity of 
one Is assigned to pairs of relations having the same family marker, and zero 
otherwise. It Is possible to generate similarity estimates for the Chaff In and 
Herrmann study. These es+lmates are equivalent to that discussed above 
concerning family elements. As was also polnled out above, the partial 
correlation holding family Influences constant showed that neither family 
elements nor marked links will be sufficient. Instead specific relational 
elements must be assumed as well to fully account for the sorting date. 

It might be argued that a variant of a feature comparison model can 
generate a better account of the sorting data than that done from relation 
elements. These models assume ihat relations are apprehended merely from the 
computation of overlap of meanings In a word pair (Smith & Medln, 1981). 
Obviously, overlap alone cannot Indicate the degree to which relations 
resemble one another; e.g. the meanings of ear-englna have nothing In common 
with the nieanlngs of house-k l+rh«an r yet these pairs clearly possess similar 
relation definitions. In order to account for these data, these models will 
have to be nrcdified to explicitly process the elements defining relations. 

Thus, the best account c* relation similarity Is provided by a model In 
which relation similarity Is derived from the agreement In the elements that 
define relations. This conclusion coincides with evidence that relation 
similarity ratings and the latency and accuracy of relation Judgements rest on 
processing stimuli according to how well their relational properties conform 
to the elements defining task relations ( Johnson-Laird, et al., 1984). 

In summary. Relation Definition Theory successfully predicts relation 
similarity on the basis of one key primary assumption: that people perform 
comprehend relations by processing son* or all of the simple relation elements 
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defining the task relation. That semantic relations differ Is obvious; that 
their definitions differ Is obvious. However, K must be noted that Relation 
Definition Theory Is explicitly different irotn previous senantlc memory 
theories since It Is the first theory to make a relation's definition the 
basis of semantic processing. Semantic relations constitute units of meaning 
whose purpose Is +^ enable a person to logically manipulate and evaluate 
verbal Ideas. Until the logical nature of semantic relations Is made the 
central focus of semantic-memory theorl^, these theories will provide an 
Inadequate per forrrence of language tasks Involving relations. Relation 
Definition Theory makes the ioglc of relations central; consequently, this 
theory promises to account for a wider range of relation phenonema than 
addressed by previous models. 
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Footnotes 



The authors thank Teresa Staslo* Jonathen Voughen, and Alan Scarleman for 
helpful comments on an earlier draft of thff popor. Requests for reprints 
should be sent to Douglas J- nermann, Dopertmont of Psychology* Hamilton 
Coilege, Clinton, NY 13323. 
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Table 1 

Semantic Relations and Their Relational Elements* 



Halation* hv 
I. CQMTHA3TS 

Pseudoantonyms 
Contradictory 
Contrary 
Directional 
Reverse 

Asymmetric Contrary 
Incompatible 



ExampTfta 



Relational El amenta 



Popular-Shy, Generous-Poor Dim- BiP. Con 
Alive-Dead, Remember-Forget Dim . BiP. Dich, Sym 
Old-Toung, Smooth-Rough 



Front-Back, Left-Right 
Buy-Sell, Attack-Defend 
Hot-Cool, Large-Tiny 
Frank-Hypocritical , 
Happy-Morbid 
Attribute Similarity Rake-Fork, Valley-Gutter 

II. STMTLARS 

Action Subordinate 



filflb BiP. Cont, Sym 

JJla, BiP- Dich, Spa 

CJjL Dich, Vec 

Dim T BiP, Cont 
filflb BiP. 

Over, Int, Att, Dis, 

Inc, int. Onil 



Over, Int, Att, Poss, 



Coo*c-Fry, Clean-Scrub 
Dimensional Similarity Smile-Laugh, Hungry-Starving Over, int. Dim, OuiP, 
Synonymity Purchase-Buy, Car-Auto Inc, int. Bil 

Necessary Attribution Bachelor-Onmarried, 

Tower-High 

Invited Attribution Food-Tasty, Bed-Comfortable Inc, Con, Att, Poss 
III. class recursion 

State Subordinate Disease-Polio, Emotion-Fear ine f int. Qnii 
Functional Subordinate Furniture-Chair, 7ehlcle-Car inq f int . trail 
Activity Subordinate Game-Chess, Crims-Theft 
Perceptual Subordinate Animal-Horse, Flower-Rose 



Ine. Tnt r BniT 

Io&t InLt Sail 



Place 

Geographical 
Subordinate 



Germany-Hamburg, Asia-China Ina. Poss, Parti ve, 

Loc 

Country-Russia, 
Conti nent-Amer i ca 

| y BEST COPY AVAILABLE 



Iaq., lot, Unix 



IV. CASK BET. ATT QMS 

Action-Recipient 

Action-Instrument 

Agent-Actiou 

Agent-Instrument 

Agent-Object 

V, PAfiT-tfHOLES 

Measure 
Ingredients 

Collection 

Group 

Func tio nal-Objec t 
Functional Location 
Organization 



Sit-Chair, Hunt-Prey 
Drinlc-Cup, Cut-Knife 
Dog-Bark, Artist-Paint 



Evt. Act, Obj 
SlSis Act, Inst 
Evt. Act, Agent 



Farmer-Tractor, Soldier-Gun Evt. Agent, Inst 



Baker-Bread, 
Carpenter-Lumber 

Mile-lard, Hour-Minute 
Pizza-Cheese, Table-Wood 

Forest-Tree, Fleet-Ship 

Choir-Singer, 
Faculty-Professor 
Car-Engine, House- Roc r 

House-Dining Room, 
Kitchen-Refrigerator 
Army-Supply Corps, 
Government-Executive Branch 



Evt. Agent, Obj 



ine- Homo, Parti ve 
ine f Prop, Poss, Comp, 

Loc, Parti ve 
IntLi Prop, Homo, Poss, 

Parti ve 
I2UL, Prop, Soc, Homo, 

Poss, Partive * 
In&f Prop, Attach, 

Poss, Comp, Partive 
Xo&i Attach, Prop, 

Poss, Comp, Partive 
Inc., Prop, Soc, Attach 

Poss, Comp, Partive 
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a The relations in this table are those used in Chaff in and Herrmann's 
(1934) sorting study. The table presents these relations according to family 
and in the order of presentation in the Hierarchical Clustering solution of 
the sorting data. 

All relations in the table involve the element of denotative agreement 
inadditlon to the elements shown. For the definitions of the relation elements, 
see Table 2. 
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Table 2 

Relation Elements and Their Definitions 



QiafiEtBUflB 



Property (Prop) 
Component ial (Comp) 
Social (Soo) 
Homogeneous (Homo) 



affective sense 

must (can) be like 
property of 
partial make-up of 
social contract 
indistinguishable 



ERIC 



Relation BT*m«nf« Daftni felon 

I. Concerning Orlantafelon of M.aniny 

Denotative (Den) Wi & WJ snare denotative meaning referential sense 
Connotative (Con) Wi connotes WJ 

II. Cong«i»n-lny Snhnfann* of Meaning 

Attributive (Att) Wi "is* WJ 

Wi "has" WJ 

Wi is a component of WJ 
Wi is socially committed to WJ 
Wi's referent is 

indistinguishable from 
WJ's referent 
Wi f 3 referent is attached to 

W; f s i^eferent 
Wi belongs to WJ 
Wi acts on/to/for WJ 
Wi is an object of/to/for WJ 
Wi acts as en instrument for WJ 
Wi is action bearing to/for/on WJ action bearing 
Wi pertains to an event involving event bearing 
WJ 

III. Concerning Qu*lltinaH*n ^ Mining 

Dimension (Dim) Wi 4 WJ share a single dimension dimensional comnonality 

Unilateral (OniP) Wi & Wj are on the same sides of sane side ox" midpoint 

Position the midpoint 

Bilateral (BiP) Wi & WJ are on opposite sides of opposiiag magnitudes 

Position the midpoint 

19 



Attachment (Attach) 
■ 

Possession (Poss) 
Agent ive (Agent) 
Objective (ObJ) 
Instrumental (Inst) 
Action (Act) 
Event (Evt) 



is attached to 

ovned/pesses^ed by 
agentive power 
object status 
instrumental pownr 



Symmetrical (Sym) 

Position 
Continuous (Cont) 
Discrete (Dls) 
Dichotomous (Dicb) 
Spatial (Spa) 
Vector (Vec) 



Wl is of s magnitude to Vj 

Hi & VJ can be qualified 

Vi & V j can not be qualified 

If Vi tben not Vj 

Vi ia spatially opposite Vj 

Vi is directionally opposed to Vj 



IV. Concerning Amount of M««nln T 

Inclusion (Inc) Vi is included in Vj 



Overlap (Over) 
Intersection (Intj 

Unilateral (Unil) 

Inclusion 
Bilateral (Bil) 

Inclusion 
Locative (Loc) 

Inclusion 
Partive (Partive) 

Inclusion 



Vi is partially included in Vj 
Vi is semantically included in 

ifj 

Vj includes all of Vi 9 but Vi 
does not include all of Vj 
Vi a Vj 

Vi's referent is dependent 

on Vj 9 s referent 
Vi is literally part 
of VJ 



equidistant from 

midpoint 
gradable 
non-gradable 
mutually exclusive 
opposed in space 
directionally oriented 

general inclusion 
overlap in meaning 
semantic inclusion 

partial inclusion 

total inclusion 

locational restraint 

parts of 
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